Background: Most studies of rear-seated occupants have focused on or included pediatric occupants which may not translate to adults. This study examines passenger, driver, vehicle and crash characteristics for rear-seated adult occupants involved in side crashes. Methods: The National Automotive Sampling System General Estimates System (NASS/GES) for calendar years 2011-2014 was used with accompanying weights to examine the occupant, vehicle and crash characteristics associated with injury in rear-seated adults (n = 395,504) involved in a side crash. A weighted subpopulation analysis includes occupants travelling in a vehicle with an IIHS safety rating (n = 39,208), which was used to control for vehicle safety. Statistical analysis used Chi-square tests and multilevel multivariable logistic regression. Unadjusted and adjusted odds ratios (ORs) are reported with 95 % confidence intervals (95 % CIs). Results: Rear-seated occupants on the same side as the crash impact were more likely to be severely/fatally injured than occupants seated on the opposite side (Multivariable adjusted OR: 2.54, 95 % CI: 2.31-2.79), as were those in angle crashes (Multivariable adjusted OR: 10.85, 95 % CI: 9.24-12.73). Rear-seated occupants of belted drivers were 3.28 times more likely to be belted compared to rear-seated occupants of an unbelted driver. In a subpopulation analysis of all same-side crashes, unrestrained occupants were 5.96 times more likely to be severely/fatally injured compared to restrained occupants. Conclusion: Restraint use was protective for rear-seated adult occupants involved in side crashes, including those in same-side crashes. Angle and same-side crashes are associated with increased injury severity.
Background
Rear-seated adult occupants involved in a fatal crash who are belted have lower mortality than unbelted rearseated occupants except possibly those in same-side crashes (Raneses and Pressley 2015) . This is consistent with reports of frontal same-side crashes where it has been noted that the most severe injury comes from contact with the adjacent side structure, frontal components and ejection (Farmer et al. 1997; Sunnevang et al. 2009 ). Being belted is protective for ejection, but may not protect against occupant compartment infringement.
Same side crashes are reported to have higher serious injury and fatality rates compared to other crash types (Samaha and Elliott 2003) . Front-seated drivers of vehicles with a safety rating of "good" are reported to be 70 % less likely to die when involved in side crashes compared to vehicles in the poorly rated category (Teoh and Lund 2011) , but this was not seen in a small sample of older rear-seated adult occupants involved in fatal collisions (Raneses and Pressley 2015) .
Rear-seated occupants may be more vulnerable to injury than front-seated occupants who have more advanced safety technology, suggesting that more attention is needed for rear-seated occupants (Durbin et al. 2015) . Most studies of rear-seated occupants have focused on or included pediatric populations restrained in child restraints or booster seats, which may not be generalizable to adult rear-seat safety (Evans and Frick 1988; Smith and Cummings 2006; Mayrose and Priya 2008; Stewart et al. 2013; Zhu et al. 2007 ). The aims of this study are to examine injury outcomes for rear-seated adult occupants involved in a side crash with respect to injury severity and: 1) driver, passenger, vehicle and crash characteristics; 2) seating position and point of impact; and 3) whether and to what extent injury severity is mitigated by other characteristics, such as vehicle side crash safety ratings and striking vehicle characteristics. Further elucidation of associated factors may identify areas of intervention to further reduce motor vehicle occupant injury and mortality.
Methods

Data source
Data were obtained from the National Automotive Sampling System General Estimates System (NASS/GES) for calendar years 2011 -2014 (NHTSA 2015 . NASS/GES is a nationally representative sample of law enforcement reported motor vehicle crashes. The Police Accident Reports (PAR) comprising NASS/GES are chosen from 60 areas that reflect the geography, roadway mileage, population and traffic density of the U.S. general population using multi-stage sampling methods. The first stage is a sample of geographic areas, called Primary Sampling Units (PSUs) from the United States, with the second stage of the design being a sample of jurisdictions within each PSU. The final stage uses a selection of crashes within the sampled jurisdiction. A national weight is included in a data file for each PAR and is called "WEIGHT", which is the product of an inverse of the probabilities of selection at each of the three stages. NASS/GES contains person-, vehicle-, and crash-level variables, including drivers' and passengers' age and gender, seating position, restraint use, severity of injury, vehicle body type, initial impact point, type of crash and other related variables for all types of crashes. The publicly available Insurance Institute for Highway Safety (IIHS 2014a) crash ratings were added into NASS/GES using the common variables of vehicle make, model and model year.
Study population
The study population included 4,205 (weighted: 395,504) rear-seated occupants aged 18 years and older who were travelling in a four-wheeled passenger vehicle involved in a side crash between 2011 and 2014 (Fig. 1) . The subpopulation analysis of vehicles that had an IIHS safety rating included 411 (weighted 39,208) occupants involved in a same-side crash. The subpopulation was used to control for vehicle characteristics while investigating belt status, seating position, point of impact and injury severity.
Variable classification Occupant characteristics
Demographics. Passenger age was examined both as a continuous and categorical variable. Age was categorized as 18-24, 25-44, 45-64 and older than 65 years in the descriptive analysis and was modeled as a continuous variable with a quadratic term ( Table 2) . Driver age was categorized as 15-19, 20-44, 45-64 and older than 65. Gender was categorized as male or female as provided in NASS/GES. Race was not available in the NASS/GES dataset.
Restraint use. Restraint use was dichotomized as: 1) not belted; and 2) belted (shoulder belt, lap belt, shoulder and/or lap belt).
Driver alcohol involved. The driver was considered to have alcohol present if police reported alcohol or the driver had a blood alcohol concentration (BAC) of 0.01 or higher.
Injury severity. Injury severity was examined as a dichotomous variable: 1) no or minor/possible injury; or 2) serious/fatal injury. Injury severity was reported by the attending law enforcement officer using KABCO coding scheme. Fatality was ascertained up to 30 days post crash from other sources. The KABCO scale, developed by the National Safety Council (NSC), is frequently used by law enforcement for classifying injuries: K -Fatal; A -Incapacitating injury; B -Nonincapacitating injury; C -Possible injury; and O -No injury (National Safety Council 1990) .
Vehicle characteristics
Vehicle model year. Vehicle model year was examined both as a continuous variable from 1970-2014 and categorized to represent the eras of vehicle improvements: 1970 improvements: -1993 improvements: , 1994 improvements: -1997 improvements: , 1998 improvements: -2004 improvements: , 2005 improvements: -2008 improvements: , and 2009 improvements: and later (Ryb et al. 2011 .
Model type. Four-wheeled passenger vehicle type was categorized as: car, SUV, van, or pick-up truck based on the 'Body Type' variable provided in NASS/ GES. Rear-seated occupants being transported in buses, large trucks, ATVs, farm equipment, motor homes and large limousines were excluded.
Vehicle safety rating. The vehicle side safety rating was assessed using publicly available IIHS safety ratings. In IIHS side impact rating, nine aspects of performance are separately rated as good, acceptable, marginal or poor and then combined to produce an overall side impact rating (IIHS 2014b) . Vehicle crash test ratings, categorized as good, acceptable, marginal, poor or unrated, were merged into NASS/GES data by linking variables on make, model and model year of the vehicle which were common in both data sets.
Crash characteristics
Side crash. Side crash is defined based on the initial point of impact, which was categorized based on clock points as shown in Fig. 2 (NHTSA 2015) . We examined side impact crash points (1-5, 7-11, 81, 82, 83, 61, 62, 63) as side crashes.
Same side crash. Same side crash is defined as having the initial point of impact and the passenger seating position on the same side of the impacted vehicle.
Manner of collision. Manner of collision is categorized in NASS/GES based on first harmful event and grouped into 5 categories: 1) not a collision with vehicle in transport; 2) angle; 3) sideswipe-same direction; 4) sideswipe-opposite direction and 5) other.
Ejection. Ejection is categorized as: ejected (fully or partially) and not ejected.
Rollover. Rollover is categorized as dichotomous according to whether or not a rollover or overturn was associated with this vehicle.
Excessive speed. Excessive speed was analyzed using a dichotomous variable. A vehicle was categorized as speeding if the driver was charged with a speeding violation or if the travel speed of the vehicle was reported to be above the posted speed limit. Due to large quantities of missing data, actual miles per hour traveled were not available for analysis. Weekday/weekend. A social weekend was defined as 6:00 p.m. Friday to 6:00 p.m. Sunday. Weekend versus weekday was analyzed as a dichotomous variable.
Day/Night. A dichotomous variable was used to distinguish daytime (6:00 a.m. to 5:59 p.m.) and nighttime (6:00 p.m. to 5:59 a.m.).
Statistical analysis
Bivariable descriptive analyses used the Chi-square test to examine passenger and driver age categories, gender, restraint use, vehicle type and manner of collision and other key variables for rear-seated occupants. SAS SUR-VEYLOGISTICS was used for analysis of weighted data in a subpopulation analysis for passengers involved in same-side crashes. The associations of injury severity, occupant, crash and vehicle characteristics were analyzed using multilevel logistic regression to generate odds ratios with 95 % confidence intervals. Since there could be multiple passengers in the same vehicle, the SAS GLIMMIX procedure (SAS Institute Inc 2014) with random effects was used to generate odds ratios with 95 % confidence intervals using multilevel models that controlled for violation of the assumption of independence associated with multiple rear-seated occupants in the same vehicle. A derived group variable that created a unique vehicle-specific number was used to control for clustering of passengers in the same vehicle. Analyses were performed on variables weighted by primary sampling units, strata and assigned weight for each PAR. Final models were age and gender-adjusted with model selection based on variables whose unadjusted odds ratios were significant at p ≤ 0.2. All analyses were conducted in SAS 9.4.
Results
The study population consisted of 4,205 (weighted: 395,504) adult rear-seated occupants with a mean of 1.3 passengers aged 18 years or older per vehicle. The majority (77.8 %) of vehicles had 1 adult passenger, 17.5 % had 2 adult passengers and 4.6 % had 3 or more adult passengers seated in the rear.
Occupant characteristics Passenger age and gender
The majority of occupants involved in a crash were aged between 18-44 years (Table 1 ). In analyses using age as a continuous variable, older occupants were more likely to have a serious/fatal injury compared to younger passengers. Female occupants were more likely to be seriously/fatally injured compared to males in unadjusted analyses but gender differences were reduced after adjusting for independent predictors of injury severity (OR: 1.07, 95 % CI: 0.98-1.18) ( Table 2) .
Passenger seating position
In general, right-seated occupants were more likely to be seriously/fatally injured compared to left-seated occupants (OR: 1.28, 95 % CI: 1.08-1.51), while middleseated occupants were less likely to be seriously/fatally injured (OR: 0.25, 95 % CI: 0.17-0.35) in the unadjusted model (Table 2) . Middle-seated occupants were less likely to be belted (86.5 %) compared to left-seated (92.4 %) or right-seated (93.3 %) occupants. After controlling for restraint use, the right-seated occupants were no longer more likely to be seriously/fatally injured compared to the left-seated (OR: 0.98, 95 % CI: 0.84-1.14), but the middle-seated occupants were still less likely to be seriously/fatally injured (OR: 0.01, 95 % CI: 0.01-0.02) ( Table 2) .
Restraint use and mortality
The majority of rear-seated occupants were reported to be belted (92.3 %). Belted occupants were less likely to have a severe/fatal injury compared to those who were not belted. This was seen for same-side, middle-seated and opposite-side crashes. Restraint use was protective after controlling for crash type and seating position, with unbelted occupants more likely to have serious/fatal injury (OR: 10.55, 95 % CI: 9.12-12.21) ( Table 2) .
Driver age and gender
Although driver age was not associated with injury severity in the multivariable model (χ 2 = 0.9, p = 0.48) (Table 1) , younger occupants were more likely to be transported by younger drivers, with 55.1 % of the young teen occupants travelling with a teen driver. The majority of drivers were male (59.8 %). Male drivers were more likely to be speeding than female drivers (5.9 % vs. 3.3 %, χ 2 =15.6, p=0.03). The majority of drivers (67.9 %) involved in a side crash with a rear-seated occupant were under age 45 (Table 1) .
Driver restraint use
Driver restraint use was strongly predictive of passenger restraint use, with passengers of a belted driver being more likely to be belted compared to passengers of drivers who were not belted (93.7 % vs. 28.3 %, χ 2 =517.9, p<0.0001) (not shown). Passengers of an unbelted driver were approximately 2 times more likely to be severely/ fatally injured compared to passengers of a belted driver ( Table 2 ). The majority of drivers (71.8 %) who were positive for alcohol involvement were categorized based on police reports and did not have an actual blood alcohol concentration reported. Driver alcohol involvement was associated with lower restraint use of passengers compared to passengers of drivers with no alcohol (77.1 % vs. 92.6 %, χ 2 = 24.7, p=0.0001) (not shown). Passengers transported by a driver positive for alcohol were more likely to have a severe/fatal injury compared to drivers negative for alcohol (OR: 11.98, 95 % CI: 9.57-14.99) ( Table 2) . 
Vehicle characteristics Vehicle model year
The majority of vehicles (91.6 %) were model year 1998 or later (Table 1 ). Model year categorized by year of major vehicle safety improvements, was not significantly associated with injury severity in rear-seated occupants in either the unadjusted or belt-status adjusted model (Table 2) .
Vehicle type
The distribution of occupants in vehicles was 57.8 % in cars, 19.7 % in SUVs, 10.4 % in vans, and 12.1 % in pick-up trucks (Table 1) . Larger vehicles, such as SUVs, vans and pick-up trucks were protective compared to smaller vehicles in both unadjusted and adjusted models (Table 2) .
Crash characteristics Crash type
The majority of side crashes were angle crashes (45.6 %), followed by sideswipe in the same direction (36.1 %) and sideswipe in the opposite direction (4.6 %) ( Table 1) . Occupants of vehicles involved angle crashes were nearly 11 times more likely to be seriously/fatally injured compared to opposite direction sideswipe crashes (OR: 10.85, 95 % CI: 9.24-12.73) ( Table 2 ). Half of side crashes occurred on the same side as the occupant was seated (Table 1) . Compared to occupants seated on the opposite side of the crash, occupants of same side were more likely to be severely/fatally injured after adjusting for restraint use (OR: 2.54, 95 % CI: 2.31-2.79) ( Table 2) . Passengers (n=9,318) involved in a rollover were excluded in the model
Vehicle and struck type
The majority (82.7 %) of side crashes were two-vehicle crashes, with 57.1 % of crashes involving a similar-sized or smaller vehicle, while 25.7 % of vehicles involved in a side crash were struck by a larger vehicle (Table 1) . Single vehicle crash, being struck by a larger vehicle and multiple vehicle involved crashes were associated with higher serious/fatal injury in both unadjusted and belt status adjusted models (Table 2) .
Excessive speed
Excessive speed was associated with increased odds of severe or fatal injury in rear-seated occupants (OR: 5.70, 95 % CI: 4.66-6.97) ( Table 2 ).
Rollover and ejection
Rollover occurred in 2.4 % of side crashes (Table 1) . Half (50.3 %) of the rollovers were single vehicle crashes. Among those rollovers that involved two vehicles, 67.8 % were angle collisions. Occupants involved in a rollover were less likely to be belted compared to occupants not involved in a rollover (72.8 % vs. 92.7 %, χ 2 = 60.3, p<0.0001) (not shown). Among vehicles with a rollover, unbelted occupants were more likely be ejected (28.6 % vs. 0.2 %, χ 2 = 48.8, p<0.0001) and to have a serious/fatal injury (24.3 % vs. 5.5 %, χ 2 = 17.2, p<0.0001) (not shown). After adjusting for seat-belt use, occupants involved in a rollover continued to be more likely to be severely/fatally injured compared to occupants who were not involved in a rollover (OR: 23.17, (Table 2) . Independent predictors of injury in rollovers and non-rollovers are reported separately in Table 2 .
Subpopulation analysis of same side crashes with and without vehicle safety ratings A subpopulation of rear-seated occupants involved in a same-side crash was examined (n=1,971, weighted: 184,137) . Passenger belt status, driver belt status, driver alcohol involvement, angle crash type and excessive speed were associated with increased injury severity. Unrestrained occupants were 5.97 times more likely to be severely/fatally injured compared to restrained occupants. Similarly, driver alcohol involvement was associated with increased rear-seated occupant injury severity, (OR: 4.61, 95 % CI: 1.42-14.98) as was speeding (OR: 4.17, 95 % CI: 1.37-12.69) (Fig. 3) .
Approximately one-fifth (21.5 %) of vehicles involved in a same-side crash had a side crash safety rating (n=411, weighted: 39,208) . Among those with a side crash safety rating, 52.6 % were rated good, 8.7 % were rated acceptable, 9.3 % were rated marginal and 29.8 % were rated poor ( Table 3 ). The proportion of rear-seated occupants seriously/fatally injured by vehicle safety rating was 1.9 % for those travelling in vehicle rated as good, 8.2 % for acceptable, 3.2 % for marginal, 1.6 % for poor and 1.9 % for unrated (Table 3 ).
Discussion
Initial point of impact and crash side relative to occupant seating position plays an important role in injury severity for rear-seated occupants involved in a side Fig. 3 Subpopulation analysis of rear-seated adult occupants involved in same side crashes: adjusted odds ratios (with 95 % CIs) using multivariable logistic regression for serious/fatal injury of occupants, NASS/GES, 2011-2014. Adjusted for passenger age, passenger gender, and driver restraint status crash. Angle crashes and sideswipe in the opposite direction were associated with higher injury rates than sideswipe in the same direction. Occupants seated on the same side of the crash were more likely to have severe/ fatal injury compared to occupants seated on the opposite side or in the middle seat after controlling for seat belt status. Although not specific to rear-seated occupants, this is consistent with previous studies that report a higher probability of injury in occupants seated on the near-side compared to occupants seated on the far-side (Newgard et al. 2005; Ryb et al. 2009 ). Raneses and Pressley (2015) have reported similar findings of rearseated adult passengers who were same-side seated having higher mortality using FARS data.
Occupants of larger vehicles were less likely to be injured in a side-crash. This is consistent with previous studies conducted on front-seated passengers and drivers (Anderson 2008; Gayer 2004; Farmer et al. 1997 ). Larger vehicles have been reported to be more protective of front-seated drivers in collisions in side crashes (Gabler 2003; Vander Lugt D 1999) .
Seat belt use was highly protective for serious/fatal injury for side crashes after controlling for seating position and crash impact type for side crashes. This is consistent with previous studies that report seat belt use being highly protective (Mayrose and Priya 2008; Zhu et al. 2007) . A previous study of fatal collisions using FARS data demonstrated an exponential increase in mortality over the adult age span and an increased use of seatbelts in older occupants who were also more likely to die (Raneses and Pressley 2015) . However, our study that included both fatal and nonfatal crashes and a younger population contains a much smaller proportion of fatal injuries and indicates that seatbelt use is highly protective for rear-seated occupants involved in same-side crashes. This may be due to the fact that our study population included both fatal and non-fatal crashes and our population was much younger compared to the previous study. In our study, mortality was examined in a category with serious injury specifically due to the small proportion of deaths captured in the NASS/GES dataset.
Previous studies report that newer model vehicles are protective for front-seated occupants (Ryb et al. 2011; Wenzel 2013; Glassbrenner 2012 ). In our study, model year was associated with less severe injury, with newer cars generally being safer compared to older cars only when analyzed as continuous variable. However, when analyzed categorically (Ryb et al. 2011) , newer vehicles were not significantly associated with reduced injury severity in rear-seated occupants. This finding is likely due to improvements in vehicle engineering that focused on the driver with fewer safety improvements specifically geared to rear-seated occupants (Durbin et al. 2015 , Mitchell et al. 2015 .
Previous studies note that vehicle side crash ratings are protective for front-seated occupants (Teoh and Lund 2011) . In our study of rear-seated occupants, side crash ratings were available for a small number, about one-fifth, of vehicles involved in a same-side crash and were not found to be associated with injury severity.
This study has limitations. Firstly, NASS/GES injury data uses officer reported KABCO and may not accurately reflect moderate and minor injuries. There are reports that use of KABCO injury rates may result in misclassification for degrees of severity of injury (Farmer 2003) . To address this issue, we collapsed injury categories into serious/fatal injury vs. no or minor/possible injury instead of examining each injury severity level separately. Secondly, other studies reported that the effect of belt usage on severe/fatal injury can be overestimated, due to nonfatal crash victims being more likely to report restraint use inaccurately to law enforcement (Clark 2003; Robertson 1992) . Because estimation of mortality using NASS/GES needs to be interpreted with caution (Clark 2003) , we combined serious/fatal injury into one category which may be less biased. It is possible that the NASS/GES sampling scheme may underestimate fatality in older populations when compared to FARS. In this study, we believe that the finding of categorical age in older populations showing less severe/fatal injury in the older occupants compared to the middle -aged occupants is a dataset anomaly. In Table 3 Side crash ratings for passengers involved in same-side crashes, stratified by rear-seated injury severity for vehicle models from [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] No/minor injury Severe/fatal Injury Total Weighted (%) Weighted (%) Weighted Chi-square contrast, when examined continuously, older age was associated with increased severe/fatal injury. Thirdly, the majority of vehicles, especially older vehicles were not rated for side crash safety. In the subpopulation analysis of vehicles with safety ratings, we did not control for other factors that might be potential confounders for safety ratings and injury severity for rear-seated occupants due to a small sample size. Furthermore, driver alcohol involvement was categorized mainly based on law enforcement officer report instead of actual blood alcohol level as the majority of drivers did not have a blood alcohol concentration reported in the dataset. Lastly, we did not have information on side air bag deployment, which may have an impact on injury severity in side crashes.
Conclusion
In summary, our results indicate that the initial point of impact relative to occupant seating position and crash type play important roles in rear-seated occupant safety.
The results of our study also indicate that seat belt use is highly protective for all rear-seated adult occupants involved in a side-crash, including those involved in a same-side crash. Further study is needed to better understand the association between vehicle safety ratings and injury severity for rear-seated occupants.
